In this study, 468 Listeria strains were checked for the presence of phosphatidylinositol-specific phospholipase C (PI-PLC) activity by using a simple assay that consisted of overlaying colonies formed on agar plates with L-ft-phosphatidylinositol as substrate. In this assay, PI-PLC-active colonies show turbid halos around the colonies as a result of the release of insoluble diacylglycerol from the substrate. This activity was detected only in the pathogenic species Listeria monocytogenes and was not present in any of the 167 strains of Listeria seeligeri, Listeria welshimeri, Listeria innocua, Listeria murrayi, and Listeria grayi tested. Hence, screening for PI-PLC activity permits discrimination between pathogenic and nonpathogenic Listeria species. In particular, the hemolytic but nonpathogenic species L. seeligeri can now be separated from the hemolytic and pathogenic species L. monocytogenes and L. ivanovii. The use of this assay will improve the specific detection and/or isolation of pathogenic Listeria species from clinical samples or food enrichment cultures.
Listeria monocytogenes is a gram-positive human pathogen that is responsible for serious infections in immunocompromised individuals and pregnant women (9) . As one of the classic pathogens, it has recently become the subject of renewed interest because of acknowledged epidemics caused by food contaminated with L. monocytogenes (7, 10, 11, 22) . Substantial interest and effort have been expended in establishing new methods as well as improving classical methods for the detection and isolation of this pathogen in food. Several traditional methods for the culture of L. monocytogenes have been improved. Among them, the Oxford medium (4) and the PALCAM medium (26) are examples of newly developed semiselective media for the enumeration of Listeria species. However, on these media, L. monocytogenes is indistinguishable from all other Listeria species. Hence, colonies formed on these selective agar plates have to be confirmed at the species level by a number of biochemical tests. Among these tests, production of ,-hemolysin and the fermentation of D-xylose and L-rhamnose are essential (20) . To assess the virulence properties of a particular isolate, the mouse pathogenicity test (12) and the recently established chick embryo test (25) are currently in use. Thus, alternative methods for rapid and reliable confirmation of pathogenic Listeria species isolated from food are required.
Such alternative methods ideally should be based on the detection of a virulence gene. One such marker is the hemolytic toxin listeriolysin, which is required for intracellular survival of invading Listeria species in the mammalian host (8, 14) . However, this toxin is also elaborated by the nonpathogenic species Listeria seeligeri (15) . In addition, problems in assessing hemolytic activity of Listeria colonies following growth on selective agar plates have been encountered (3).
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Recently, we reported the molecular cloning and detection of a gene pic, from a virulent L. monocytogenes strain, whose product is a phosphatidylinositol-specific phospholipase C (PI-PLC) (16) . This gene is involved in the expression of virulence in L. monocytogenes, and PI-PLC activity was found to be expressed only by the pathogenic species L. monocytogenes and Listeria ivanovii (16) . In this study, we have used a simple PI-PLC substrate overlay assay to detect the presence of this enzymatic activity in a well-characterized collection of about 500 Listeria strains isolated from both clinical material and food samples. Our results confirm that this activity is present only in pathogenic Listeria species and adds to the number of biochemical tests that are presently used to distinguish between pathogenic and nonpathogenic Listeria species.
MATERIALS AND METHODS
Bacterial strains. The 468 strains in this study comprised 301 isolates of L. monocytogenes, 147 isolates of Listeria innocua, 11 isolates of L. seeligeri, and 1 strain each of the species Listeria murrayi and Listeria grayi. No L. ivanovii strains have ever been isolated in our laboratories from clinical material or food samples. In addition to being biotyped, all Listeria strains were assayed for the presence of the listeriolysin gene (lisA) and a gene encoding a delayedhypersensitivity inducing factor (ImaA) by using colony hybridization. The latter gene is a specific gene probe for the detection of pathogenic Listeria species (18) . All strains either originated from patients or were isolated from foods. The serotype of each strain was determined according to the antigenic scheme of Seeliger and Hohne (23) as described previously by Notermans et al. (18) . Reference strains of Listeria species used are mentioned in the text.
Detection of PI-PLC activity. Listeria strains were spot inoculated on TY agar (1% tryptone, 0.5% yeast extract, 1% NaCl, 1% agar) and incubated at 37°C for 24 to 48 h. (Table 1) . In general, PI-PLC activity was observed after overnight incubation at 37°C. For high-PI-PLC producers, this activity was already apparent after a 2-h incubation period. All strains belonging to serotype 4a were found to express PI-PLC activity only weakly, and 2 or more days of incubation was needed to obtain a clear result. A typical reaction obtained with this overlay assay is shown in Fig. 1 Hemolysin assays. Since the expression of both PI-PLC activity and listeriolysin is coordinately regulated by the PrfA gene product, the level of hemolytic activity expressed by strains not exhibiting PI-PLC activity was also monitored. The serotype 1/2a, 1/2b, and 4ab strains were found to be only weakly hemolytic. Indeed, activity was detected only when lower concentrations of erythrocytes were used in the hemolysin assay (see Table 2 ). In contrast, all of the three serotype 4b strains showed moderate to strong hemolytic activity. three serotype 4b strains, were found to be PI-PLC negative despite repeated testing. These strains were analyzed further for the presence of the pic gene.
PCR amplification of the L. monocytogenes pic and prfA genes. The lack of PI-PLC activity in the seven L. monocytogenes strains could be due to the absence of the prfA gene in these strains. The presence of the pic gene in these strains was determined by performing PCR with a pair of oligonucleotides (see Materials and Methods) that specifically amplifies a 1,484-bp chromosomal fragment harboring this gene in L. monocytogenes. The serotype 1/2a strain EGD from which the DNA sequence was derived served as a positive control. The results showed that the pic gene was present in all the strains tested (see Fig. 2A ) and suggested that it was the expression of PI-PLC activity in these strains that was somehow affected.
We had previously shown that a regulatory gene, designated prfA, is required for the expression of PI-PLC activity in L. monocytogenes. Since strains in which the prfA gene is mutated do not express PI-PLC activity, PCR analysis was performed to detect its presence in these strains. The results of this experiment are shown in Fig. 2B . All strains except the serotype 4ab strain L83 showed a product of 1,060 bp corresponding to the amplified prfA gene.
In this study, a well-characterized set of Listeria strains was used to assess the expression of PI-PLC activity as a distinguishing phenotype for pathogenic Listeria species. Using a simple overlay assay with PI-PLC substrate, we detected this activity only in the pathogenic species L. monocytogenes. We had previously shown that this activity is also expressed by the animal-pathogenic species L. ivanovii (16) . Hence, PI-PLC activity is a reliable marker for permitting discrimination between pathogenic and nonpathogenic Listeria species and can now be included in an extended scheme to differentiate between different Listeria species (Table 3 ). In particular, detection of PI-PLC activity clearly separates the nonpathogenic but hemolytic species L. seeligeri from the pathogenic and hemolytic species L. monocytogenes and L. ivanovii. Under the conditions used here, 98% of all L. monocytogenes strains in this study could be correctly identified only on the basis of their ability to express PI-PLC activity.
A total of six L. monocytogenes strains in this study appeared not to exhibit PI-PLC activity. By using PCR (21), (16, 17) , was also found to be present in all strains, but no amplified PCR product was found with strain L83. Since strain L83 does produce listeriolysin (see Table 2 ), it is likely that the absence of an amplification product was due to mismatches in the nucleotide sequences in either one or both of the primers used in the PCR amplification of the prfA gene. Hemolysin assays performed with strains expressing no PI-PLC activity indicated that some of them produced only low levels of listeriolysin. Since the expression of both the listeriolysin and the pic gene is coordinately regulated by the PrfA regulator protein, a likely explanation for the absence of PI-PLC activity is the sensitivity of the PI-PLC assay described herein. Hence, more sensitive substrates and/or assay conditions may be required to improve detection of this enzymatic activity in pathogenic Listeria species. The observation that three serotype 4b strains express listeriolysin but no detectable PI-PLC activity suggests that the genes encoding these activities may not be coordinately regulated in these strains. This finding may be of some importance in the epidemiology of pathogenic Listeria species since several independent investigations of the clonal nature of pathogenic L. monocytogenes have indicated that this serotype may be genetically heterogeneous (1, 19) . Further studies are required to determine whether the pic gene in these strains is not mutated and indeed expressed as well as to evaluate the virulence potential of these strains in the mouse model of infection.
Since the recent outbreaks of human listeriosis (7, 10, 21) , much emphasis has been placed on rapid techniques to isolate L. monocytogenes from food. Rapid methods utilizing monoclonal antibodies (2, 6, 24) and nucleic acid probes (5, 13, 18, 27) are currently available, but they are currently not as sensitive as the culture methods for identifying L. monocytogenes in foods. The development of a simple plate assay with a stable substrate to detect PI-PLC activity in Listeria species in combination with the hemolysis assay will now make distinguishing L. monocytogenes strains from the other nonpathogenic Listeria species relatively straightforward. This method should find widespread use in diagnostic laboratories and will enhance the specific detection and/or isolation of L. monocytogenes from clinical samples or food enrichment cultures.
